WHAT IS CLAIMED IS: 



1. A calix[n]pyrrole macrocycle where n is 4, 5, 6, 7, or 8; or a calix[m]pyridino[n]pyrrole 
macrocycle where m + n is 4, 5, 6, 7}qv 8 and m and n are other than zero; the macrocycle 
noncovalently-complexed to a molecular ok anionic species. 



\ 



2. A calix[n]pyrrole macrocycle ^here n is 4, 5, 6, 7, or 8; a calix[m]pyridino[n]pyrrole 
macrocycle where m + n is 4, 5, 6, 7, or^S and m and n are other than zero; or a calix[m]pyridine 
where m is 4, 5, 6, 7, or 8; where the macrocycle attached to a solid support. 



A calix[n]pyrrole macrocycle ^^^^1*^ ^ is 4, 5, 6, 7, or 8; calix[m]pyridino[n]pyrrole 




d m-^d n are other than zero; or calix[m]pyridine 
first conformation in a solid state when unbound 
cond conformation in a solid state when bound to 



macrocycle where m + n is 4, 5, 6, 7, on 8 
macrocycle where m is 4, 5, 6, 7, or 8 h! 
to a molecular or anionic species and hav? 
a molecular or anionic species. 



The macrocycle of claim 1, 2, or 3 wherein the macrocycle is a calix[n]pyrrole and the 
calix[n]pyrrole has structure I: 
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wherein 



when n is 4, p = q = r = s = 0, Rh - Rjg are independently substituents as listed in 
paragraph i) below, and - Rq are independently substituents as listed 

in paragraph ii) below; \ 
when n is 5, p = 1, q = r = s = o\R| to R20 are independently substituents as 
listed in paragraph i) beiov^, and R^ - Rg are independently substituents 

as listed in paragraph ii) bel^w; 
when n is 6, p - q = 1, r = s = 0, to R24 are independently substituents as 

listed in paragraph i) below, and R^ - Rp are independently substituents 
as listed in paragraph ii) below: 
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when n is 7, p - q = r = l, s = 0, Rj to are independently subsiiiuents as 

listed in paragraph li) below, and - Rq are independently substituents 

as listed in paragraph ii) below; 
when n is 8, p = q = r = s =^ 1, Rj to R32 are independently substituents as listed 

in paragraph i) below, and R^ - are independently substituents as 

listed in paragraph ii) below; 



i) hydrogen, halide, hydro?qyi, alkyL alkenyl, alkynyl, aryl, alkylaryL nitro, 
phospho, formyK acyl, hydroxyalkyl, alkoxy, hydroxyalkoxy, 



.1 



hydroxyalkenyl, hydroxyalkynyl, saccharide, carboxy, carboxyalkyl, 
carboxyamide, carboxyamidealkyl, amino, amido, aminoalkyl, 



phosphoalkyl, alkyl \ sulfoxide, alkyl sulfone, alkyl sulfide, 
tetrahydropyran, tetrahydrothiapyran, thioalkyl, haloalkyl, haloalkenyl, 
haloalkynyl, alkyl ester,\ a site-directing molecule, a catalytic group, a 
reporter group, a binding agent, or a couple that is coupled to a site- 
directing molecule, to a catalytic group, to a reporter group, or to a binding 
agent; 



ii) hydrogen, alkyl, aminoalkyl, dWlsulfone, carboxy alkyl, carboxyamidealkyl, 
phospho alkyl, alkyl sulfomteL alkyl sulfone, alkyl sulfide, haloalk>*I, aryl 
N-oxide, dialkylaminolcarbaiii^ or arylsulfonyl; 



at least two substituents are c^plbd to foKmi bridged structure, and when 
coupled to form a bridged structure, nonbridged substituents are as defined 
herein in paragraph i) or ii); 



wherein odd-numbered R-substituents are other than hydrogen. 
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A B-substituted calix[n]pyrrole macrocycle having structure I: 

R14 R16 



R f?15 




wherein 



n is 4, 5, 6, 7 or 8; 

when nis4, p = q = r = s = 05^f^i6 indeptendently substituents as listed in 
paragraph i) below, and|^- Rj) are independently substituents as listed 

in paragraph ii) below; 
when n is 5, p = 1, q = r = s = 0^ to R^q are independently substituents as 

listed in paragraph i) below, and R^ - Rg are independently substituents 

as listed in paragraph ii) below; 
when n is 6, p = q = 1, r = s = 0, to R24 are independently substituents as 

listed in paragraph i) belowAand R^ - Rp are independently substituents 
as listed in paragraph ii) below; 
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when n is 7, p = q = r\= 1, s = 0, Rj to are independently substituents as 
listed in paragraph i) below, and - Rq are independently substituents 

as listed in paragLph ii) below; 
when n is 8, p = q = r = 1 = 1, R| to R32 are independently substituents as listed 
in paragraph i) below, and R^ - R^ are independently substituents as 
listed in paragraph \i) below; 



i) hydrogen, halide, hydroVyl, alkyl, alkenyl, alkynyl, aryl, alkylar>i, nitro, 
phospho, formyL Wyl, hydroxyalkyl, alkoxy, hydroxyalkoxy, 
hydroxyalkenyl, hydrpxyalkynyl, saccharide, carboxy, carboxyalkyL 
carboxyamide, carboxyamidealkyl, amino, amido, aminoalkyl, 
phosphoalkyl, alkyl \ sulfoxide, alkyl sulfone, alkyl sulfide, 



tetrahydropyran, tetrahyd^thi 
haloalkynyl, alkyl ester,//\a sit 
reporter group, a binding ^ 
directing molecule, to a 
agent; 



yran, thioalkyl, haloalkyl, haloalkenyl, 
directing molecule, a catalytic group, a 
it, ona couple that is coupled to a site- 
tic group, to a reporter group, or to a binding 



ii) hydrogen, alkyl, aminoalkyl, a|kWMlfone, carboxy alkyl, carboxyamidealkyl, 
phospho alkyl, alkyl sialfo^e^llkyl sulfone, alkyl sulfide, halo alkyl, aryl, 
N-oxide, dialk\*lamino, carbamate, or arylsulfonyl; 



at least two substituents may be coupled\\to form a bridged structure, and when 
coupled to form a bridged structure\nonbridged substituents are as defined 
herein in paragraph i) or ii); and 



wherein at least one even-numbered R-substituent and all odd-numbered R- 
substituents are other than hydrogen. 
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6. A calix[m]pyridino[n]pyiTole piacrocycle having structure 11: 

R4io F^2^^ 



Rio- 

f?212 



R108 



R21 



R2id' 



z+ 



"R304 




R202 



R203 



R105 



R303 V?°i 

•N 2+ \ N- 



R209 



•R1OI 
R102 

■R204 

II 



"208 R207"104 



R205 



wherein m designates a number of pyridine^ in the macqbcycle and n designates a number 
of pyrroles in the macrocycle; 
m+n=4; 

m is other than 1 or 2; 

when m is 4, n = 0, p = 1, q = 0, Rio\ to R1O8 and R20I toR212 are 
independently substituents as listed^n paragraph i) below, and R30I - 
R3O4 are independently substituents assisted in paragraph ii) below; 

when m is 3, n = 1, p = 0, q = 1, RlOl to R1O8 and R2OI to R211 are 
independently substituents as listed in\^paragraph i) below, and R30I - 
R3O4 are independently substituents as listed in paragraph ii) below; 

i) hydrogen, halide, hydroxyl, alkyl, alkenyl, *alkynyl, aryl, alkylaryl, nitro, 
phospho, formyl, acyl, hydroxyalkyi, alkoxy, hydroxyalkoxy, 
hydroxyalkenyl, hydroxyalkynyl, saccharide, carboxy, carboxyalkyl, 
, carboxyamide, carboxyamidealkyl, amino, amido, aminoalkyl, 

phosphoalkyl, alkyl sulfoxide, alkyl sulfone, alkyl sulfide, 



100 



tetrahydropyran, tfetrahydrothiapyran, thioalkyl, haloalkyl, haloalkenyl. 
haloalkynyl, alkyllester, a site-directing molecule, a catalytic group, a 
reporter group, a Binding agent, or a couple that is coupled to a site- 
directing molecule, to a catalytic group, to a reporter group, or to a binding 
agent; 

ii) a lone pair of electrons, l\ydrogen, alkyl, aminoalkyl, alkylsulfone, carboxy 
alkyl, carboxyamidealkyl, phospho alkyl, alkyl sulfoxide, alkyl sulfone, 
alkyl sulfide, halo allcyl, aryl, N-oxide, dialkylamino, carbamate, or 
ar>'lsulfonyl; 

or 

ai least two substituents are coupled to form a bridged structure, and when 
coupled to form a bridged structure, nonbridged substituents are as defined 
herein in paragraph i) or ii); 

wherein RiopRlOS ^^^^ *P hydlogen; 

\ 

wherein when R301-R304 is otheM^faTonl^air of electrons, Z is 1; 

\ 

wherein when R301-R304 is a lone lairyof elections, Z is 0. 

A calix[m]pyridino[n]pyrroIe macrocycle 
where \^ 

m and n designate a number of pyridines and pyrroles in the macrocycle, 

respectively, m and n are other than 0, and m+n=5, 6, 7, or 8; 
each pyridine or pyrrole a-carbon is bound to another pyridine or pyrrole a- 
carbon via one non hydrogen-linked sp3 hybridized meso-carhon; 
each sp^ hybridized meso-caxhon is further independently bonded to a 
halide, hydroxyl, alkyl, alkenyl, alkynyl, aryl, alkylaryl, nitro, 
phospho, formyl, acyl, hydroxyalkyl, alkoxy, hydroxyalkoxy, 
hydroxyalkenyl, hydroxyalkynyl, saccharide, carboxy, 
carboxyalkyl, carboxyamide, carbdxyamidealkyl, amino, amido, 
aminoalkyl, phosphoalkyl, alkyl sulfoxide, alkyl sulfone, alkyl 
" sulfide, tetrahydropyran, thioalkyl, haloalkyl, haloalkenyl, 

haloalkynyl or alkyl ester group; to a site-directing molecule; to a 
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catalytic group: t<i a reporter group; to a binding agent; or to a 
couple that is couAled to a site-directing molecule, to a catalytic 
group, to a reporter group, or to a binding agent; 
each pyridine p carbon, byrrole P carbon and pyridine y carbon is 
independently bonded to a hydrogen, halide, hydroxyl, alkyl, 
alkenvL alkynyl, aril, alkylaryl, nitro, phospho, formyl, acyh 
hydroxyalkyl, alkoxy, hydroxyalkoxy, hydroxyalkenyL 
hydroxyalkynyl, saccharide, carboxy, carboxyalkyl, carboxyamide, 
carboxyamidealkyl, aniino, amido, aminoalkyi, phosphoalkyl, alkyl 
sulfoxide, alkyl sulfone, alkyl sulfide, tetrahydropyran, thioalkyl, 
haloalkyl, haloalkenyl, ^aloalkynyl, alkyl ester group; to a site- 
directing molecule; to a|:atalytic group; to a reporter group; to a 
binding agent; or to a co^ta that is coupled to a site-directing 
molecule; to a catalytic ^oup; |o a reporter group, or to a binding 
aaent; 




each pyridine or pyrrole nitrogemis bourn to a lone pair of electrons, 
hydrogen, alkyl, aminoMkyl, ^kylsulfone, carboxy alkyl, 
carboxyamidealkyl, phospmialkyi; alkyl sulfoxide, alkyl sulfone, 
alkyl sulfide, halo alkyl, ^^xide, diaikylamino, carbamate, or 
arylsulfonyl; and 



at least one sp^ hybridized /we^o-carb'pn, pyridine p-carbon, pyrrole p- 
carbon, pyridine y carbon, pyrrole nitrogen or pyridine nitrogen is 
coupled to form a bridged structure to itself or to another sp^ 
hybridized me50-carbon, pyridine P-carbon, pyrrole p-carbon, 
pyndme y carbon, pyrrole nitrogen, or pyridine nitrogen; and when 
coupled to form a bridged structure, non-bridged atoms are as 
defined for an sp^ hybridized wei-p-carbon, pyridine p-carbon, 
pyrrole P-carbon, pyridine y carbon, pyrrole nitrogen, or pyridine 
nitrogen. 
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wherein m is 4, 5, 6, 7 or 8; 



when m is 4, p = q = r = s = 0, Rior\ to Ri 12 and R20I to R2O8 are 
independently substituents as listed^n paragraph i) below, and R301 - 
R304 are independently substituents as listed in paragraph ii) below; 

when m is 5, p = 1, q = r = s = 0, Rioi |o R] 15 and R20I to R210 are 
independently substituents as listed in paragraph i) below, and R301 - 
R305 are independently substituents as l|sted in paragraph ii) below; 

when m is 6, p = q = 1, r = s = 0, Rioi toWi ig and R20I to R212 are 
independently substituents as listed in paragraph i) below, and R301 - 
R3O6 are independently substituents as listed in paragraph ii) below; 



when m is 7, p = q = r = 1. s = 0, Rioi to Ri21 and R201 to R214 are 
independently substituents as listed in paragraph i) below, and R301 - 
R3O7 are independer tl\- substituents as listed in paragraph ii) below; 

when m is 8, p = q = r I s = 1, Rioi to R124 and R20I to R2 l 6 are 
independently substituents as listed in paragraph i) below, and R301 - 
R3O8 are independerlily substituents as listed in paragraph ii) below; 

i) hydrogen, halide, li droxyl, aikyl, alkenyl, alkynyl, aryl, alkylaryl, nitro, 

phospho, formyl, acyl, hydroxyalkyl, alkoxy, hydroxyalkoxy, 
hydroxyalkehyl, hydroxyalkynyl, saccharide, carboxy, 
carboxyalkyl, tarboxyamide, carboxyamidealkyl, amino, amido, 
aminoalkyl, pljosphoalkyl, alkyi sulfoxide, alkyl sulfone, alkyl 
sulfide, tetrah^drotetrapyran, thioalkyl, haloalkyl, haloalkenyl, 
haloalkynyl, ai^T^ster, a site-directing molecule, a catalytic 
group, a reportdci groap, a binding agent, or a couple that is coupled 
|fig molecule, to a catalytic group, to a reporter 
iga|*ent; 

ii) a lone pair of deMi^ns, h)|drogen, alkyl aminoalkyl, alkylsulfone, 

carboxy alkyl, lakboxyalnidealkyl, phospho alkyl, alkyl sulfoxide, 
alkyl sulfone, alky|jjrfmde, halo alkyl, aryl, N-oxide, dialkylamino, 
carbamate, op^tmsulfonyl; and 
or i 



to a site-dire^ 
group, or to a 1 



at least two substituents are^oupled to form a bridged structure, and when 
coupled to form a bridged structure, nonbridged substituents are as 
defined herein in paragraph i) or ii) other than for bridged 

substituents; )^ 

w 
\ 

wherein R201-R216 are other than hydrbgen; 

wherein when R301-R30m is other than 1^ lone pair of electrons, Z is 1 ; and 

\ 

wherein when R301-R30m is a lone pair bf electrons, Z is 0. 

The rfiacrocycle of any one of claims 5-8 wherlin the site-directing molecule is an 
oligonucleotide, an antibody, or a peptide having affinity for a biological receptor. 
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10. The macroc> cle of any one of clamis 5-8 wherein the binding agent is a calix[n]pyrTole where 
n is 4, 5, 6, 7. or 8, a calix[m]pyrilQino[n]pyrrole where m + n is 4, 5, 6, 7, or 8, and m and n 
are not 0, a calixarene, a cation-|inding functionality, a crown ether, a chelating group, a 

5 porphyrin, or an expanded porphyrin. 

11. The macrocycle of any one of clai|is 5-8 wherein the reporter group is a redox active group, 
or a fluorescent molecule. 

10 12. The macroc>'cle of claim 1 1 wherein me redox active group is ferrocene. 

13. The macrocycle of claim 5, 6, 7, or 8\ wherein at least one R substituent attached to a meso- 
carbon is carboxy or carboxyalkyl. I 



. Pi 



15 14. The macrocycle of claim 5, 6, 7, or 8 wherein at least one R substituent attached to a non-a, 

non-meso, macrocvclic carbon. \ 

hi ' ^\ 



u 1 5. The macrocycle of claim 5, 6, 7, or 8 wheKin ajleast one R substituent attached to a non-a, 
non-meso, macrocyclic carbon is carboxy, carbc|cy|^^l, e^er, or carboxyamide. 




, 20 

^3 16. The macrocycle of claim 5, 6, 7, or 8 whe:|^^n at leas/ one macrocyclic nitrogen is bound to 
fy hydrogen. 

17. The macrocycle of claim 5 where n is 4, RA-RD\are each hydrogen, odd-numbered R groups 
25 are methyl, one even-numbered R group is (CH2)tC00H where 0<t<10, and even-numbered R 

groups that are other than (CH2)tC00H are hydrogen.^ 

18. The macrocycle of claim 80 where n is 4, where pyrrolic nitrogens are attached to hydrogen 
atoms, each of three /we.y{7-carbons is bridged to itself in a\spirocyclohexyl substituent, one meso- 

30 carbon is bonded to a methyl group and to -CH2CH2CH2COOH, and pyrrole p-carbons are 
bound to hydrogen. w 

\\ 

19. A calix[n]pyrrole where n is 5, 6, 7, or 8. 
35 20. A chiral calix[n]pyrrole where n is 4, 5, 6, 7 or 8. 
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21. A method of making a calix[n]pyrTole where n is 5, 6, 7, or 8, the calix[n]pyrrole having 
different substituents at a meso-carbon atom, comprising 

reacting pyrrole and at least two ketone molecules to produce a calix[n]pyrrole having 
different substitutents at the me^o-carbon atoms. 

22. The method of claim 2 1 where the nuqiber of different ketone molecules includes acetone and 
cyclohexanone. 

23. A method of making a calix[n]pyrrole| where n is 4, 5, 6, 7, or 8, the calix[n]pyrrole having 
an ester substituent, comprising 

reacting an ester-fimctionalized ketone, pyrrole, and a ketone, to produce a calix[n]pyrrole 
having an ester substituent. | 

\ 

24. The method of claim 23 wherein the esterrfunctionalized ketone is methyl-4-acetylbutyrate, 
and the ketone is cyclohexanone, acetone, or peipLn- J-one. 

25. A method of making a calix[n]pyrrole wn|re jrts^ 6, 7, or 8, the calix[n]pyrroIe having 
an acid substituent, comprising \W 

reacting an ester-functionalized ketone, |yn*ole and a ketone to produce a calix[n]pyrrole 
ester derivative; and W y 

de-esterifying the ester derivative to f)fQdJic©¥calix[n]pyrrole monoacid derivative. 

26. A method of making a p-substituted caUx[n]pyrrale where n is 4, 5, 6, 7, or 8 comprising 

activating a calix[n]pyrrole where n is 4, 5, 6, 7 ■\or 8; and 
reacting the activated calix[n]pyrrole with an eleWophile. 

\ 

27. The method of claim 26 where the activating is deprotonating the caIix[n]pyrrole using a 
Bronsted base, or a Brensted base in conjunction with a cornplexing agent. 

28. The method of claim 26 where the electrophile is carbon dioxide. 

\ 

29. The method of claim 26 where the electrophile is ethylbromoacetate. 



30. A method of making a p-substituted calix[n]pyrrole wherAn is 4, 5, 6, 7, or 8 comprising 
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reacting a P-substituted pyrrole and a ketone to produce a P-substituted calix[n]pyrrole. 



ketone is cyclohexanone, acetone, or p< 



31. The method of claim 30 wherein the f -substituted pyrrole is 3,4-dimethoxypyrrole, and the 



itan-3-one. 



32. A method of making a P-subsiituted callx[n]pyrrole where n is 4, 5, 6, 7, or 8 comprising 
producing a calix[n]pyrrole radical where n is 4, 5, 6, 7, or 8; and 
reacting the radical with a radical acceptor molecule. 

10 33. A method of making a calix[n]pyrrole wherein n is 5, 6, 7, or 8 comprising 
reacting a pyrrole and a ketone in the presence of a Lewis acid. ^ 

34. The method of claim 33 wherein the Lewis |icid is a high-valent metal-containing compound 
or boron trifluoride. 



TV 
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fU 

ca 

" 25 



35. The method of claim 33 wherein n is 5. 

36. The method of claim 33 wherein n is 6. 

37. A method of making a calix[n]pyrrole where! 
pyrrole and a ketone in the presence of a heterogenoi 



is 



iskati 



'5, 6, 7, or 8 comprising reacting a 
ryst. 



38. The method of claim 37 wherein the heterogenous i^atalyst is montmorrilonite, zeolite, silica 
gel, alumina, or a cation exchange solid support. 

39. The method of claim 37 wherein n is 5. 



30 
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40. A method of making a calix[n]pyrrole wherein n is 4, 51 6, 7, or 8 comprising 

reacting a pyrrole and a ketone in the presence of an anion template. 

\ 
\ 

41 . A method of making a calix[n]pyrrole wherein n is 4, 5, L 7, or 8 comprising 
a) reacting a ketone-functionalized pyrrole and an alkyl or aryl metal to form a pyrrole 



alcohol. 



b) Condensing the pyrrole alcohol to form a cyclizable jiyrrole oligomer; and 

c) repeating step b) at least n-2 times to form a calix[n]pyrrole. 
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42. The method of claim 41 wherein the alkyl metal is a Grignard reagent or alkyl lithium. 

43. The method of claim 41 wherein nlis 5. 

44. A method of making a solid-suppoAed calix[n]pyrrole comprising 

attaching a calix[n]pyrrole haviW a flinctionalized group to a solid support, the solid 
support reactive with the flinctionalized group, or to a tether-functionalized solid support, the 
tether reactive with the functionalized group. 

45. A method of making a solid-supportedlcalix[m]pyridino[n]pyrrole comprising 

attaching a calix[m]pyridino[n]pyrrble having a functionalized group to a solid support, 
the solid support reactive with the functionalized group; or to a tether-functionalized solid 
support, the tether reactive with the functionklized group. 



46. A method of making a solid-supported < 

attaching a calix[m]pyridine havinl 
support reactive with the functionalized gl 
tether reactive with the functionalized groups 

47. A calix[n]pyrrole made by the methoc 
42. 



c[m]piridine comprising 

ionaiized group to a solid support, the solid 
to ^tether-functionalized solid support, the 



claim/l, 23, 25, 26, 27, 30, 32, 33, 37, 40, 41, or 



48. A method of forming a complex of a calix[n]pjrrrole or a caIix[m]pyridino[n]pyrrole and an 
anion or a neutral molecule, comprising contacting the calix[n]pyrrole or the 
calix[m]pyridino[n]pyrrole with the anion or neutral Aiolecule under conditions effective to allow 
the formation of the complex. 



49. A method for separating a first molecule, a firs| anion, or first cation from a mixture of 
molecules, anions or cations, comprising 

obtaining a calix[n]pyrrole-, a caIix[m]pyric(ino[n]pyrrole- or a calix[m]pyridine- 
derivatized solid support; and 

contacting the solid support with the mixture of |iolecules, anions or cations to separate 
the first molecule, the first anion or the first cation. 



108 



50. The method of claim 49 wherein the solid support is in the form of a chromatographv 
column. 



51. The method of claim 49 \vh|rein the solid support is in the form of a capillary 
electrophoresis tube. 



52. The method of claim 49 wherein the contacting is in a batch process. 

53. The method of claim 49 wharein the solid support is a calix[n]pyrrole- or a 
calix[m]pyridino[n]pyrrole-solid support! the method is for separating a first anion, and the first 
anion is fluoride, phosphate, a phosphorjiated molecule, or nitrate. 



54. The method of claim 49 whlrefn the 
calix[m]pyridino[n]pyrrole-solid suppokithe metJt 
first molecule is a nucleotide or an oligonucl^fotic 



{olid support is a calix[n]pyrrole- or a 
for separating a first molecule, and the 



55. The method of claim 49 wherein the Vne\hod is fo/ separating a first anion or a first cation, 
and 

the first anion is an atomic anion or an nible6ular anion, or 



the first cation is a atomic cation i 



loiecular cation. 

w 



56. The method of claim 49 wherein the method|is for separating a first molecule, and the first 
molecule is a neutral, cationic or anionic aromatic molecule. 



57. The method of claim 49 wherein the solid support is a calix[n]pyrrole solid support and the 
calix[n]pyrrole has structure I: 
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wherein 



n is 4, 5, 6, 7 or 8; ' , 

when n is 4, p = q = r= s = 0, Rj - Rjg are independently substituents as listed in 

paragraph i) below, and - R£,\are independently substituents as listed 

in paragraph ii) below; 
when n is 5, p = 1, q = r = s i= 0, Rj to R20 independently substituents as 

listed in paragraph i) below, and R^ - Rg are independently substituents 

as listed in paragraph ii) below; v, 
when n is 6, p = q = 1, r = s = 0, Rj to R24\are independently substituents as 

listed in paragraph i) below, and R^ -W are independently substituents 

as listed in paragraph ii) below; \ 
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when n is 7, p = q = r = K s =0, Rj to R2g are independently substituents as 
listed in paragraph i) below, and - Rq are independently substituents 

as listed in paragraph |i) below; 
when n is 8, p = q = r = s = 1| Rj to R32 are independently substituents as listed 
in paragraph i) below| and R^ - R|^ are independently substituents as 
listed in paragraph ii) b|plow; 



i) hydrogen, halide, hydroxyl| alkyl, alkenyl, alkynyl, aryL alkylaryl, nitro, 

phospho, formyl, ac^i, hydroxyalkyl, alkoxy, hydroxyalkoxy, 
hvdroxyalkenvl, hvdrox^alkynyl, saccharide, carboxy, carboxyalkyl, 
carboxyamide, carboxyamidealkyl, amino, amido, aminoalkyl, 
phosphoalkyl, alkyl sulfoxide, alky! sulfone, alkyl sulfide, 
tetrahydropyran, tetrahydrpthiapyran, thioalkyl, haloalkyl, haloalkenyl, 
haloalkynyl, alkyl ester, a|site-directing molecule, a catalytic group, a 
reporter group, a binding aj^em^or a couple that is coupled to a site- 
directing molecule, to a camlj^tic g|oup, to a reporter group, or to a binding 
agent; 1^ ' 

ii) a lone pair of electrons, hyd] 
alkyl, carboxyamidealkyl,^ 

alkyl sulfide, halo alkyl, 
arylsulfonyl; 



ilkyl, feminoalkyl, alkylsulfone, carboxy 
hl^spho allcyl, alkyl sulfoxide, alkyl sulfone, 
xide, dialkylamino, carbamate, or 



or 



at least two substituents are coupled to\ form a bridged structure, and when 
coupled to form a bridged structurei|^nonbridged substituents are as defined 
herein in paragraph i) or ii); 



wherein 



at least one R substituent is attached to the solid support; 
at least one pyrrole nitrogen is bonded to hydrogen; and 
odd-numbered R-substituents are other |han hydrogen. 



58. The method of claim 49 wherein the method is for separating a first anion, the solid support 
is a/calix[n]pyrrole- or a calix[m]pyridino[n]pyrrole-solid support and the first anion is 
pertechnetate. 
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59. The method of claim 49 wherein the method is for separating a first molecule, the solid 

support is a calix[n]pyrrole- or a cplix[m]pyridino[n]pyrrole-solid support and the first 
molecule is a polyhalobiphenyl. 

60. The method of claim 59 where the polyhalobiphenyl is a polychlorobiphenyl. 

61. The method of claim 49 wherein the mahod is for separating a first anion, the solid support 

is a calix[n]pyrrole- or a calix[m]pyriqino[n]pyrrole-solid support, and the first anion is a 
phosphate anion. 



62. A method of transporting a molecular orlionic species through a membrane comprising 
incorporating a calix[n]pyrrole or a calix[ta]pyridino[n]pyrrole into the membrane; and 
contacting the membrane with the molecular or ionic species in the presence of a gradient 
of the molecular or ionic species oria counter gradient of a further species. 



63. 



The method of claim 62 wherein the 
molecular or ionic species. 



64. A method of binding a cation comprising 
calix[m]pyridino[n]pyrrole having 
calix[m]pyridine. 




esults in the purification of the 



^acting thfe cation with a calix[n]pyrrole or 
iding functionality, or with a 



65. A method of removal of pertechnetate from p^rtechnetate-containing nuclear waste 
comprising \ 

contacting the waste with a caIix[n]pyrrole or a\caIix[m]pyridino[n]pyrrole to form a 

calix[n]pyrrole or a calix[m]pyridino[n]pyrfple pertechnetate complex; and 
removing the complex from the waste. 



66. A method of removal of an environmental pollutant from an environmental source, 
comprising | 

contacting the environmental source witjh a calix[n]pyrrole or a 
calix[m]pyridino[n]pyrrole to form a calix[n]pyrrole^W a calix[m]pyridino[n]pyrrole- 
polKitant complex, and removing the complex from the environmental source. 
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67. A chromatography column comprising a solid suppon bound to a calix[n]pyrrole where n is 

4-8; to a calix[m]pyridino[n]pyrrole where m-i-n=4-8 and m is not 1 or 2: or to a 
calix[m]pyridine where m is 4-8l 

68. A sensor comprising a solid support bound to a calix[n]pyrrole where n is 4-8; to a 

calix[m]pyridino[n]pyrrole where m+n=4-8 and m is not 1 or 2; or to a calix[m]pyridine 
where m is 4-8. 



69. Use of a calix[n]pyrrole, a calix[rn]pyridino[n]pyrrolej or a calix[m]pyridine in the 

preparation of a pharmaceutical composition for use in in vivo or ex vivo treatment of 
body tissues. 

70. The use of claim 69 wherein the treatment is ex vivo and is kidney dialysis. 

\ 

71 . The use of claim 69 wherein the treatments remoVal of urea for treatment of gout. 

({ fi 
\\\ 

72. An electropolymerizable calix[n]pyrrole, cK^ixr0[qpymd or calix[m]pyridine. 




73. An anion-, cation-, or neutral molecule-sele^i^e electrode comprising 

a conductive body, 
a polymer, and 

a calix[n] pyrrole, a caIix[m]pyridino[n]pyrroi^, or a calix[m]pyridine. 

74. The electrode of claim 73 wherein the calix[n]pyn|oIe, the calix[m]pyridino[n]pyrroIe, or the 

calix[m]pyridine is electropolymerized and forms the conductive body. 

75. A mediod of electrochemical detection of an anioi^, a cation, or a neutral molecule 
comprising 

assembling the anion-, cation-, or neutral molecule-selective electrode of claim 73; 
contacting the electrode with a solution of the anioni the cation, or the neutral molecule; 
and \ 

determining the presence or absence of the anion, the pation, or the neutral molecule. 

76. The method of claim 66 wherein the pollutant is a poi^halobiphenyl compound, a nitrate 
compound, or a phosphate compound. 
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77. A method of making a calixDyridinopyrrole comprising: 
adding halocarbene lo calixpwole in a cycloaddition reaction, 

thereby converting a pyrrole to a pyridine and forming a calixpyridinopyrrole. 

78. A method of making a calixpyrioine comprising: 

adding halocarbene to calixpyrrole or to calixpyridinopyrrole in a cycloaddition reaction 
so as to convert pyrrole to pyridine to form a calixpyridine. 

79. The macrocycle of claim I whereii\the ionic species is an anionic species. 

80. A me^o-substituted calix[n]pyrroleWcrocycle where n is 4, 5, 6, 7, or 8 wherein the 
/w^5o-substitution is an oxygen-, sulfur-, or\alkenyl-containing substituent; or is a couple to a 
site-directing molecule, to a binding agent, or to a reporter group. 

8 L A B-substimted calix[n]yrrole, calix[m|pMridinoJn]pyrrole or calix[m]pyridine. 



82. The macrocycle of claim 80 wherein thd|fe6-s^bstitution is a couple to a site-directing 
molecule and the site-directing molecule is an oi|g\nuc|potide, an antibody, or a peptide having 
affinit>* for a biological receptor. 



83. The macrocycle of claim 80 wherein the wej:o-aiubstiUition is a couple to a binding agent 
and the binding agent is a calix[n]pyrrole, a calix[m]pyridino[n]pyrrole, a calixarene, a cation- 
binding functionality, a crown ether, a chelating group, a porphyrin, or an expanded porphyrin. 

84. The macrocycle of claim 80 wherein the /we^c^-substWion is a couple to a reporter group 
and the reporter group is a redox active group, or a fluorescenmnolecule. 

85. The macrocycle of claim 84 wherein' the reporter groupj^is a redox active group and the 
redox active group is ferrocene. 



86. The macrocycle of claim 80 wherein the me^o-substitutron is an oxygen-containing 
substitutent and the oxygen-containing substituent is carboxy or carbWyalkyl. 
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87^ The macrocycle of claim 80 wLein at least one 13-carbon has a substituent other than 

hydrogen. 

88. The macrocycle of claim 80 whe^in at least one B-carbon has a carboxy, carboxvalkvl 
ester, or carboxyamide substituent. 



89. The macrocycle of claim 80 whi 
hydrogen. 



?in kt least one macrocyclic nitrogen is bound to 



90. A macrocycle selected from the groupLnsisting of compounds 3, 4, 5 6 7 8 9 10 11 
12, 13, 14. 15, 16, 17, 18, 19, 20, 22, 26, 27. 2* 29, 30. 31, 32. 33, 34. 35, 36. 37.' 38. 39,' 40.'41 ' 



and 42. 



91. A calix[m]pyridino[n]pyrrole mVcrocycle where m + n is 4, 5, 6. 7. or 8 and m and n are 
other than 1 and 3 or 2 and 2, respectiveW; or a calix[m]pyridine macrocycle where m is 4, 5, 6. 
7, or 8; the macrocycle noncovalently coni>lexed to a molecular or cationic 



species. 
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A method of making a calix^Vrrole where n is 4. 5. 6, 7. or 8 comprising reacting a 
pyrrole and an n-fold cyclic ketone tempWo form the calix[n]pyrrole. 

93. The method of claim 92 wherein thWclIc ketone template is a calix[n]arene. 

94. The method of claim 92 wherein the pyVle is a P-substituted pyrrole. 
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